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RECEIVER R1363B 


TRODUCTION 


le The MkelIB receiver R1363B is a modified version of the MksII receiver R1363, The modifications, 
besides allcwing operation on a number of wavebands and increasing the phasing accuracy, adapt the receiver 
for use with the Rack Type 3eAf(Filter ~ Comparator ~ Oscillator).* See 8.D.C295, Che9e A gencral 
view of the receiver is shcwn in Figure 1, A of 52 


2e The roceiver R1363B can be installed at both Slave and Monitor Stations, although some units are not 
used at the Mcnitor Stations There {ts no special mcnitor yersion of this receiver as was the case with 
the Mark I and Mark II receiverse : 


3. Interchangeable R.F. units are provided so that the receiver may be operated on sevoral wavebends. 
anti=jaming circuits are also incorporated in the I.F, amplificr. 


4 2% volt 5 cycle mains are normally ued to supply the receiver, but for erergency use a Dicsel 
generator ray be emplcyede Tho current ccnsumption is 24 ampse 


5e <A number of scts will be mcunted in "Park Rcyal" lorries fcr uweas mobile reserves, in case 
stations are disabled by bombing. 


GENERAL, DESCRIPTICN 


6 The purpcse of the R1363B is to receive pulses from the Master Staticn and Slave Stations and display 
them on a special accurately calibrated time base. Whe the receiver 1s installed at a Slave Staticn a 
positive locking pulse is sent down a line to the local Slave trmsmitter. The R.F. pulse radiated by this 
trensnitter is cbserved on the cathode ray tube together with the other received pulsese 4 block diagram 
is shown in Fige5d. 


% By creans of controls on the receiver the local pulse can be made %o appear in any desired positvicn 
on the time base relative to the other pulses displayed upon it, 1eée sime the length of the time base 
re-resonts a definite period of time, the interval between the arrival of the Master pulse and the emission 
cf the Slave pulse cen be ccntrolled to within a fraction of a microsecond. The operation of setting the 
Slave pulse in the correct position on the time base is callcd "phasing". Once the transmitter has been 
phased correctly, the setting can be automatically controlled by the F.C.0. to within £0.01 microseconds. 
alternatively the F.C.0. may be manually controlled either from the Monitor Station by means of Remote 
Centrol apparatus (sec S.D.0295, ChefZ ) or by the operator at the Slave Statione The condition in which 
the F.CeO. Operates in chosen by reans cf a selector key (Remote “Local = auto) mounted on the control 
Deske & second key is provided by mens of which the F.C.0. is manually ccntrolled from the recelivore 
This key is shown in Figiwe 2 to the left of the selector key. 


8. The fcllowing units are fitted to R1S6ZB:~ 


Receiver Unit (I.Fe amplifior with interchangeable R.F.Units) 
Diode Receiver Unit (on same panel as I.F. amplificr) 
Strobe Gain CcntFol Unit 
Filter Input Unit 
Filter Strobe Unit (Filter Gate Unit) 
AeVeC Unit 
Divider II 
Divider Ill | 
phase Shifter 3 
Phase Shifter 4 (with separate control box) 
phase Shifter 5 (used with 1.5 me/s calibration unit) 
Tire Base Unit 
1e5 Mc/s calibraticn mit 
Cathode Ray Tube Unit (with ccntrols on separate panel) 
Cscillograph Unit ("of Unit) 
Power Packss PPl 
PP2 
PPS 
PPS 
PP6 
PP7 
Fuse and Indicator Panel 


nr HE 


Be 
ae 

* 

* 


% phe R13638 MUST be used with an F.C.0. rack 


* wot used at Monitor Stations 
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9. The Units are mounted on a three bay rack as shown in Figure le A wocden desk is fitted at a 
cemvenient height. The screen of the cathcde ray tube is observed through a hole in the desk and certain 
ecntrols which may require ccnstent attenticn are also mounted therecn so as to be convenimtly near at 
hand, 


10e ach unit hag as its basis a Post office Standard Panel, and in the majority of cases there is a 
further sub-panel upon which the components are mounted. [In some cases, for example the Cathode Ray Tube 
Unit and Fuse and Indicator Panel, the components are mounted directly on the front Danel. Power Packs l, 
2, 3 and 7 have horizontal trays bolted to the rear of the frcnt panel. 


ll. Meny of the component vales given on the drawings have darge tolerance. In some cases resistances 
and cerdensers may nct have exactly the same nominal value or rating as is given in this publicaticn; this 
applies especially to some decoupling condensers, which may have higher capacities than those specificde 


12. ‘The approximate maximum dimensions are:- 


Height 6 feet 6 inches Width 6 feet 4 inches 
Depth 3 feet 4 inches The weight 1g about 15 cwt.e 


RECEIVER UNIT 


13. The Recefver unit consists of an I.F. amplifier with four interchangeable plug-in R.F.Units acvering 
the following frequency bands:= 


RF. Unit NOsS2; 20730 mc/s 
ReFe unit No.dl: 40~52 me/s 
ReFe UNit NOwrb: £065 ne/s 
Roe Unit NO: éSG0 me/s 


The frequency ccverages given are approxirate only. The overall bandwidth of the receiver is 40.5 mc/s at 
6 db down each side of resonance. <A diode receiver used for recefving the local pulse at Slave Staticns 
{s mounted on the same panel as the I.F. amplifier. Figure 3 shows a front view of the receiver panel and 
Figure 4 arear view of the same pmel. The latter photograph shows an early type of receiver in which 
terminal blocks were mounted on the I.F. amplifier and Diode recelver in place of the Jones plugs J2 and J3, 
To make servicing easy a pair of extra flexible leads terminated at each end by 6 pin and 8 pin plugs and 
gockets are provided so that the complete receiver unit (including Diode Receiver) can be removed from the 
rack and ccnnected by mans of these extension leads to the Jones plugs J2 md J3, 


14, RFYnit NoSle- The cireult diagram of R.F.Unit Noedl, which covers the band from 49 to 52 me/s 
approximately, is shown fn Figure 6 It contains one stage of R.F,amplification, V1, which is a pentcde 
Type VR65 mcunted in the frat compartment of the R.F,Unit. Vz, the mixer is also a VRg5 and is mounted 
in the middle compartments The rear compartment contains the oscillator stage Viz which is another VRese The 
output from the oscillator valve is inbcted into the cathode circuit of Vo through Ty which has a band-pass 


of more than lo mc/s. The frequency of the oscillator 1s controlled by L4 and Cag» Ls being ‘an ReFe chokes 


15. The inductance Lg is fitted with an adjustable iron cust core by means of which the coll is tuned to 
7e7 mce/Se This cofl together with L1 in the I.F. amplifier (also tuned to 7.7 mc/s) forma band pass coupling 
of which Cig forms the coupling capacity and Cig the tuning capacity. Cig is the screened lead to the output 
Plug Jy which is built into the mit. NO ATTEMPT SHOULD BE MADE TO ADJUST THE TUNING OF L3 UNLESS THE 
NECESSARY INSTRUMENTS ARE AVAILABLE. 


16e RaF.UnNit Nosdae~ The circuit diagram of R.F,Unit Noeé2 which covers the 20~30 mc/s band is shown in 
Figure 6 It is similar to No.3l. The R.F. tuned circuits are damped by R&, R4 and Regs Rege The mixer 
stage Vg is similar to that in R.F.Unit No.3l, L4 being the oscillator output tranefermer. The oscfiliator 


stage Vz is scmewhat different. A cathode tap-oircuit is employed, Lg being the twming coll and Cg] the 
tuning condenser, : 





17e «RF. Units Nose 26 and 27e— The circuit diagram of R.F, Units Ncs, 26 and 27, covering 3-65 and 
658 mwe/s respectively are shown in Figure 2. The R.F. and Mixer stages use VR136 (RL7) valves which are 
special high frequmcy pentcdes having four separate cathode connections to reduce the Inductance of the 
cathode lead, The oscillator valve Vg is a VR137 (RL16) high frequency triode connected in a Colpitts 
circuit, The RF. mixer and oscillator circuit are tuned by a three-ganzed condenser C4» C5s C32 with 
the associated trimming and padding ccmdensers.e. C7 is an externally adjustable trimmer. the output 
from the oscillator is applied to the grid of the mixer (V2) via C1g together with the R.F. inpute 





186 LeFeAmplifiere= The circuit diagram is shown in Figure 7 together with that of the Diode Receiver 
which {s momted on the same panel, ‘There are five I.F. stages, Vi to V5, employing VRes5 valveSe V6 
1s the diode detector type VR9Ze vy is a pulse~freqiency amplifier and yg and Vg are cathode follower 
output valvese Thd grid Girviit of yy; consisting of the variable inductance Ly and the coupling condenser Cl, 
forms part of the bendpass coupling between the R.F. Unit and I.F, amplifier and is tuned to 7,7 me/Se All 
the other I,F. circuits are tuned to 7,5 mc/s 


13¢ The first two valves Vz and Vg are provided with varfable cathode blas through the resistances Ray 
R4y R5y and the variable resistance (Gain Control) Reg mounted on the Strobe Gain Ccntrol Unit. Strobe 
Gain ond ..V.C. pulses are also fed on to the cathcdes of the first two valves. Stages V3, V4 and V5 are 
fitted with a speciM "back bias" circuit to enable the signals to be read through jamuaing. & switch is 


4 8.D.0295( 1)» Chapel2 

e 

provided to enable certain circuit elements to be altered to deal with different forms of jamming. There 
are four positions, namely Ny X» Y and Ze, the operaticm of which is described in paragraphs 22 to 29. 


2. With the switch in position 'N" the condensers C15» Cog and Cgo are shorted out by the switch 
contacts So, Ss5 and Sg which also short the negative H.T,line supply to earth. In this position grid bias 
tO V3, V4 and Vs is provided by the resistors R17» R27 and Rz5e A dropping resistance R4g is int roduced 
into the screen H,T. circuits of Vg and V4 to limit the gain of these stages to areasonable value, in this 
position of the switch theresistor R5 is introduced in series with the Gain Control (mounted on the Strobe 
Gain Control Unit) to reduce the maximum amplification available, which is unnecessarily large, Strobe 
Gain pulses are fed in via Pin 3 on the 8 pin Jones plug J2 to cut off the I.F. amplifier for the duration 
of the B or C strobe upon which the local pulse appears (see para,36 to 42). 


2le The filter cord enser Caz is ehorted out in vost) Ns» age a aes MtetrE  dled 


2 2 Be Outputs are taken from 
‘Vg via Pig to the T1 plate of the C Ce aRaT's through the contacts of the neley (F.S.I) on the Filter Strobe unit 
and frm Vg via P4 to the Filter Input Unit and a.V.C. Unit. Separate cathode followers are used to 
reserve good pulse shape on the tube by recucing the capacity loading cn the output to Yy6« 





22e Operation of Anti=Jamming circuitse= Referring to the circuit diagram Figure 7, the anode circuit 
of Vz has a resistance Roo in series with the normal anode load Rgle Ree is 100K and Roy Ske The junction 
point of the two resistors is connected to the bottom end of the grid coil Lg thrcugh the 500K resistor Rape 
Lg and Lig are R.F. chokese The bcttcm end of the grid coil is tha connected through another 500K 
resistor Ryg to the negative H.T line which is at 130 or 230 voits negative with respect to earths, depending 
upon the position cf the Awd switeh. The junction of Rei and Reg is decoupled by the con'cnser Cig and the 
lower end of the grid coil by the condenser C13e <Acditional decoupling condensers C17 and Cy5 are included 
in the circuit in certain positions of the ApJ switch, as shown by the letters on the diagram, to increase 
the decoupling time*constants, A condenser C14 is connected across Rags thus completing a concenscr 
potentiometer between the grid and anode of Vg3e The circuits for v4 Md'Vp5 aré similar except that some of 
the compona@mts are of different valucs, : 


238 Consider the operation of Vg with the j-J switch in position Z, which is the positim for dealing with 
CwWe ad low=frequency modulated CW. In this position a resistor R41 is connectéd across the negative rail 
supply md sinee the power pack has poor regulation this reduces the voltage from “230 volts to <1% volts 
approximately. Ncw the positive H.T. line is at + 30 volts so that the potmtial at the junction of Rel 
and R22 will depend upon the drop in potential across Rgo due to the anode current of Vg3e The current drawn 
by Rag can be naflected. In position z v3 draws 203 mA and this will cause a drop of 220 volts across Roos 


thus putting thd junction of R21 md Reo at 120 volts positive. Ray @4 R18 are equal so that the grid of 
V3 will take up a potential midway between + 120 and ~130 volts, which is =-5 volts with respect to carthe 


@. The Ia ~ Vg curves of Figure 21 help to explain the operation of the stage, Consider the curve of 
Figure 21A where a small C.We pmming signal is applied to the grid of Vg together with the required pulse 
signal, The C.W. signal will tend to make the valve take more anode current due to the curvature 
of the valve characteristic, an increase in anode current causes a greater voltage drop across R22 which in 
turn will rake the voltage at the junction of Reg ad Rig more negative with respect to earth. The fecdback 
arrangement thus allows the anode current to increase slightly end this increase automatically increases the 
negative bias applied to the grid so thst the point on the valve curve about which the input signal and 
jamming is applied is shifted sufficiently far to the left so that the required Pulse signal can pass through 
the valvee Figure 21B illustrates the case of a very large C.W. mming signal. It will be seen that the 
bias volts have been shifted so far negative that the pulse sigal is still able to pass through the valve cn 
top of the jamming signale The decoupling ccndensers C16 anc C13 are large encugh to prevent any change 
in the bias conditions for the duraticn of the pulses 


25e If the jamming Sigal is mcdulated by a low-frequency sine wave, a waveform similar to the modulation 
envelope will aprecy ecross the enode deccupling condenser Cyg since this is of comparatively snall capacity 
and so presents a fairly high impedance to modulaticn frequencies up to abcut 4 kc/s. This voltage is fed 
back to the grid circuit through the condenser potentiometer C14 and C1g causing a reduction In the modulation 
Percentage of the janming signal which passes through V3e Further reduction in the percentage modulation 
occurs In V4 and VS ~ 


26 The cperation cf the scheme for "railing" jamming ts slightly different. Figure 21C will help to 
explain this, In the case I!llustrated the jamming signal consists of square pulses ef somewhat greater 
width than the required pulse. The a-J switch should be in positicn X for this type of jaminge This 
means that the potential of the negative rail will be approximately “220 volts and the ancde current taken 
by V3 V4 2d Vs will be about 1.35 m\ each with no signal coming through, Extra condensers (C17 and Cys 
in Vg circuit) are switched in on all three back biassed stages, making the t ime=constants long in the anode 
and grid circuits. 


27e During the period of the "railing" pulses the bias applied to the grid of the valve will not change 
appreciably owing tc the large condensers in the erid and anode circuits. If the required signal pulse happer 
to occur at the sare time as the "railing" pulse, it will be received satisfactorily on top of the jamming 
pulse as shown. During the gaps in the jamming no pulses will be received but this is not important unless 
the jamming is locked to some multiple of the recurrence frequency of the signal. Normally the reeurrence 
frequency of the jamming will drift with respect to the signal, so that- simals will be received whénever 
a jaming pulse coincides with the sigale 


De 


28 The small arount of the mcdulation envelope cf the jamming signal which comes through the I.eF. 
amplifier is filtered out by C4g and R4de R44 1s 2 high resistance sc the charge accumulated by C42 when 
Vg passes current can cnly leak away slowlye Thus the voltage across C42 beccmes nearly equal to the 
peak voltage of the "railings". The diode will therefore pass very little of the jamming but will lct through 
the signalse 


29e Position Y on the A=J switch is similar to positicn X except that the ecndensers in the grid circuits 
cf the three back blassed stages are reduced in value, allcwing some negative feedback to take place between 
the grid and anode circuits. This positicn is helpful if scme low-frequency modulated C.W. is superinpcsed 
upon wailing jamming. The back bias arrangements will also operate if the jarming signal has sine wave 
modulation instead of square pulses, but the improvement will not be sc good, as owing to the wavefcrn there 
is less time at the peaks airing which signals can be received. 


DIODE RECEIVER 


3%e The Dicde Receiver, which is mcuntcd on the same panel as the I.Fe amplifier, is vsed for reeciving 
the pulse from the local transmitter, It is used in preference to blassing back the I.F. amplifier by 
strobe gain ccntrol because in the latter case cnly the top of the local pulse is amplified by the receiver, 
end any jitter or unsteadiness is thus magnified, making accurate phasinz difficulte wins tc the absence 
of tuned circuits distortion of the pulse shape due tc frequency distrimination is avoided. ‘Two ontpats 
are taken from the Diode Receiver, une to the cathcde ray tube (ccnnected in parallel with the output cf Vg 
on the IF. amplifier chassis) and the other to a line running to the transmitter hut so that the rectificd 
pulse may be inspected cn a mcnitor, thus shcwing the shape of the actual pulse transmitted frcn the aertale. 


Sle Referring to the circuit diagram Figure 7, the aerial is brought to a Pye Plug Py (shown in the 
phctograph Figure 4) which leads to the cathcde cf the Ciode Vle The negative pulse output frcm the ancde 
is passed through the ReF. filter, Cl» Lis Cos -l2 to the grids of Vo and y4 via the amplitude ccntrols Rig 
and Rg9e The latter ccntrcl is reset ad is mcunted behind the removable ranele 


32e =Vo2 and V4 amplify and invert the pulse and fass it to the cathode followers Vz and Vs, the forncer being 
3 VRQ1 valve which feeds the pulse cn to the cathode of Vg in the I.F. amplifier and thence tc the cathode ray 
tute. V5.is a VI759 the cutput frem which is taken to the line leading to the transmitter hut via the Pye 
Plugs Pg and Pyge 


33, The eiplitude of the pulses rust always be kept small encugh by means cf Riy and Reg to avoid cvorlcac* 
ing the anplifiers, otherwise distorticn will be introduceds The height of the local pulse cn the tute shculd 
be approxinately equal to that of tke other received Lulscse 


3% The time delay oxperionced by the signals in passing through the 1.Fe amplifier is abcut 1.2 
microseccnds greater than the delay introduced by the Diode Receivers The exact delay rust be detorninad 
for each individual receiver and a correction applied to the phasing number. 


35s Under certain conditions it may not be possible to receive the transmitter pulse on the Diode 
Receiver. In this case, the strobe gain control must te adjusted so that the pulse is received on the 
normal receiver and the amplitude. control Rig on the Dicde’ Receiver should be turned to zeroe In this case the 
correction factor mentioned in para,%4 shculd te ignoredNote that since the~signal 1s small, cnly a small 
cnount of strobe gain igs required, thus no jitter fs Introduced cn the peak of the local pulsee 
Cats 


“STROBE GAIN CCNTROL UNIT 


36, This unit provides a controlled increase or decrease of the gain of the receiver for a period of about 
100 microseconds coincident with either the Bor C strobe time base. It is effective on both main and strode 
time bases. at Slave stations the 1.F,. amplifier 1s normally cut off for the duration of either the B or C 
strobe, upon whichever the local pulse appears, and the local pulse ig then received by the Diode Receiver. On 
some sites however, the diode is not sufficiently sensitive, in which case the gain éf the I.F. amplifier 
must be made just sufficient to receive the local transmitter pulse satisfactorily. at Monitor stations an 
increase in gain may be required to equalise the amplitudes of the pulses being monitored. 


37. The Strobe Gain pulses are applied together with the A.V.C. pulses to the cathodes of V1 and V2 in the 
IF, amplifier (fige7)- Thus a positive pulse supplied by the Strobe Gain Control unit reduces the i.F, gain 
and a negative pulse increases it. 


38 The circuit diagram, waveforms and layout are shown In figseS, 9, and 10 respectively. yl and v2 (fig.8) 
form a multivibrator (av ®flip-flap*) locked to the B or C strobe edge (fig.9A) from the Time Base unit. Vl 
is normally cut off, but is brought on by the positive pulse (f1g.9C) developed in the anode circuit of V2 
when the grid of the latter is cut off by the synchronising pulse (fig) 


33. When V1 is brought on, a positive pulse (fig.9F) is produced across the cathode load R13 and a similar 
negative pulse appears at the anode of the valve. These pulses are applied across a variable potentiometer (R12) 
through an 8 microfarad electrolytic condenser C4, The slider of the potemtiometer is connected to the grid 
of the cathode follower v3 and from the cathode of this valve an output is taken through ¢8 to the cathodes 
of the first two valves in the 1.F. amplifier, together with the a.V.C. pulses which are fed from the A.V.C. 
wilt directly on to the cathode of V3 in the Strobe Gain unit. , 

Acbel 


Ve 


4. The amplitude of the Strobe Gain pulses may be set to any value in between the limits of the positive 
and negative output from ¥,) by adjusting Rios which thus provides a control of Strobe Gain. 


4a, Rag is the normal gain control for the receiver. It is the cathode bias resistor for vy and Vo in the 
I.F. amplifier and is mounted on the Strobe Gain wit for convenience. Rog is in series with Rog to prevent 
the bias from being reduced too much, 


42. The heaters on this mit are earthed through a centretapped pair of resistors. This helps to prevent hua 
from being introduced into the output. The heaters of all the other units connected to the same LT supply must 
of course be mearthed. The HT supply for the Strobe cain and A.V.C. mits is taken from a stabilising valve on 
P.Pe2e" 

(Acbel) 


43. The Filter Input Unit has two functicns 
(1) As a gate to pevént unwanted pulses from reaching the Frequency Selector on the F.C.0. 


(fi) To produce a clean pulse of ccnstant amplitude and suitable length to cperate the crystal filtcr 
cn the Frequency Selectcr, irrespective of the amplitude and shape of the pulse recelved from 
the Master Station. 


It is thus necessary for reliable operaticn cf the F.C.0. 
44, he circuit diagram waveform and layout are shewn in Figures 11, 12 and 13 respectively. 


45. The pulses from the receiver unit are applied to the grid of vy through the limiting resistance Roe 
These pulses are shown in Figure 124. Vj 1s normally biassed off by the resistance network Re» R5s Rz 
and the Input pulses drive the valve into grid currente This produces a negative pulse of about 200 volts 
amplitude in the anode circuit. The back of this pulse is lengthened by the tine constant of R4 and the 
stray capacities across it. This time ccnstant is of the order of 3 ps and thus lengthens the pulse as shovn in 
in Figure 128, as Vp Will not operate correctly if the received pulse is too shorte 


46 Vo works with zero bias and has a shorted delay network in its anode circuit. ss described in 
Appendix 2, a waveform as shown in Figure 1a is produced in the anode circuit. The constants of the 
network are chosen so that the positive end negative pulses produced are each 3s us long. The front of 
the negative pulse (which is not used) corresponds with the rear edge cf the pulse shown in Figure 13, 
so it is clear that this latter pulse must net be toc shorte The pulse is made 34 us long as this is 
the most effective length for energising the 150 kc/s crystal filter in the Frequency Selector on the 
F.Ce00o 

47. Vz (Type VR116) is the Gate valve. The valve is biassed negatively on the control grid and the 
suppressor grid is heavily blassed so that the valve is completely cut off on Gge 00 c/s gate pulses fren 
the Filter Strobe Unit are applied to G3 sc that the cut off blas {s neutralised for the duration of this 
pulse = that is for about 5s. The position and width of the Filter Strobe Pulse can be adjusted so thet 
it "opens the gate" just before the positive pulse from Vo arrives e&-the grid of vg and cuts the valve 
off again on Gg Immediately after the ond of the positive 3$ us pulse. This is shown in Figures 12 ond &, 


48, The diode V5 and Reg serve to square off the top of the incoming filter strobe pulse, Vg, Which is 
a type VR116 Valve, has a specially designed suppressor grid which euts off at about =10 volts. A stancinc 
did bias of 20 volts is applied to Ggy and the gate pulse is of considerably greater amplitude, Thus the 
gate valve is brcught on very sharply and when the amplitude of the Filter Strobe pulse exceeds the bias 
voltage cn Gg the diode Vs conducts and the excess voltage is then dropped in Rege This gives a square top 
to the gate pulse and prevents the flow of suppressor currente 


49, when the contacts of the relay REL] are closed the suppressor erid of Vg is taken diroctly to the 
cathode so that there is no bias on it and the gate is parmanently open. The valve then acts merely as an 
Inverting staze. 


Xe V4 inverts the pulse againg The valve works with a positive bias which remcves any kinks which may 
have been developed in the gate valve. The output from v4 is a square 3s ps pulse (Figure 12F) which is 
passed to the Frequency Selector in the F.C.0. and is used to "fing" the crystal, 


FILTER STROBE UNIT 





51. The purpose of the Filter Strobe Unit is to provide the 500 c/s gate pulse to operate the cate valve 
V3 in the Filter Input Unit as explained in para.47 to 49, This allows cnly those pulses prcduced frem 
the Master Station signals to pass through and energise the Frequency Selectcr. The gate pulse Is also 
applied to Vz in the 4.V.C. unit, where it allcws only the Master pulses tc pass through and cperate the 
AeVaCe circtite 


52. The circuit diagram, waveforms and chassis laycut are shown in Ficures 14, 15 and 16 respectively. 


beVeVAdul L)y Ulidbe Ld 

Te . 
Vu and Vp form a multivibrator circuit, Vo being normally conducting while V1 is biassed cff by R1 ad Roe 
4 negative synchronizing pip (Figure 15A) from Divider II is fed on tc the grid of Vae This shuts cff the 
ancde current sc the anode voltage of Vo starts to rise as the condenser Cg charges up through Rg (Figure 15p). 
This rise in vcltage 1s communicated tc the grid of Vi, making this valve conduct. Therefore the ancde 
voltage of Vi falls sharply and this fall in voltage is ccmrunicated through Cg to the grid of Voe Thus a 
cumulative action is set up and the pulse prcduced at the anode of Vz has a sharp frent (Figure 1X). 


53e When the negative sync. pulse has ended, V2 remains cut off, due to the negative charge on CZs. This 
charge leaks away through Ry and py and when the voltage on the grid end of Cg has risen to the cut off blas 
voltage of V2 the valve starts to conduct. The ancde voltage of V2 falls rapidly atm@gmdbwehamges—and this 
fall in voltage ts ccmmmicated tothe grid of V1 setting up a curulative acticn which cuts V1 off and 
brings V2 on sharply, thus giving a steep rear edge to the pulse shown in Figure 158. This process is 
repeated every time a negative synce pip arrives at the grid of Ve 


Ste The amplitude of the pulse fed back from Vg to Vz can be controlled by P2. The time taken by C3 to 
discharge depends upon the amplitude of this Fedative pulse, so Pp provides a coarse ccntrol of the 
multivibrator pulse widthe Pj by controlling the rate of discharge of C3 provides a fine control. 


55e The positive pulse (Figure 153) from the ancde of v2 is passed to the grid of vg through a short 
time constant circuit C6 Rooe Roo is taken to the slider of Pg so that the positive voltage at the earthy 
end cf Roo can be adjusted, thus yarying the width of the di fferentiaked pulse (Figure 1&D) applied tc the 
grid of V3e Vg works with zero bias and so the negative pulse appears at the énode as a square positive 
pulse cf variable width (Figure 152). 


56e Sincd the positicn of the Filter Strobe pulse correspcnds to the rear edge of the miltivibrator pulse, 
altering the length of the multiyttrator pulse by Po and Py will cause the Filter Strcbe Pulse to mcve along 
the time bases As shown in Figure 15F andG, it should be set so that it will just cover the reccived 
Master Staticn pulses when they are phased to zerc cn the time base, The length of the Filter Strobe pulse 
is set to approximately 5 cr 6 microseccndsy as required, by P ize 


““b7. The screen or Vz 18 Loaded with 8 4,7 resistor and is connected to the Tp plate of the cathode-ray tube 
through & small condenser Cy. his feeds a swall positive pulse on to the Yo plate ana so produces & shallow 
“trough? in the time base, corresponding to the position of the Filter Strobe pulse. This helps in the preliminary 
_.. adjustments to the F.C,0. The two~way changeover relay in the anode circuit of Vg which was used to allow the 

@ Fitter strobe pulse to be inspected 1s now no longer needed. (AcLo) 
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58 The circuit, waveforms amd layout are shown in Figures 17, 18 md 19. This mit provides Autcmatic 
Gain Control on the Master Station pulses. The unit only opcrates when the Master Pulse is inside the 
Filter Strobe Gate pulse ttt for convenience the receiver gain is controlled during the period fron the 
start cf the A trace to the end of the step and for an equivalent period inmediately belcw cn the C tracee 


59e The output from the receiver output valve Vg is applied to the grid of Vy in the A.V.Ce unit, which 
is strobed cn the suppressor grid by the Gate pulse from the Filter Strobe Unit fed in through Cgje The 
diode V2 A prevents the suppressor grid frem going positive with respect to cathode, thus squaring the top 
of the Gate pulse. This arrangement {Is similar to that employed cn V3 in the Filter Input Unite The 
Master Station pulses cnly (Sce Figure 184 and B) appear inverted at the anode of V1 (Figure 1&), their 
amplitude being controlled by R7, and charge the condenser Cy4 through Vay to a negative potential nearly 
equal to the peak amplitude of the pulses, The resistance Rig is too high to cause the charge to leak 
away appreciably between pulses (Figure 18D). This negative potential on C14 is applied to the grid cf 
vg via the smoothing filter Ril, C5s em Cie: thus controlling the D.C. anode current of the valve. 


€e V4 and v5 form a Multivibrator which is locked from a S00 c/s negative synchronising pip frem 
Divider Delle This pip (xmepe=Sie} is also used to lock the time. base, so it corresponds with the start 
of the 4 and c traces of the time basee The multivibrator pulse has a l@gth of about 200 microseconds 
(adjustable by Re4) which is sufficient to cover the step on the time pase, allowing for the initial black 


out period, The Multivibrator gives a positive pulse (Figure 18J) at the anode of V4e (This ancde is 
connected to the anode cf Vz)e 


61. The standing mcde current of Vz is controlled by the amplitude of the Master Station pulses (sec 
> para,59) and so the pctential to which the anodes of Vz and V4 rise during the multivibratcr pulse is 

contrelled by the amplitude of the Input signal. In other words, the working H.T, voltage on the anode 
of V4 1s controlled by the grid voltage cn Vgy which is in turn determined by the amplitude of the received 
pulscSe Thus if the amplituce of the Master pulses increases, the bias on V3 increases, its anode current 
falls and the anode voltage rises, Therefore the positive pulse cn the anodes of Vg and V4 due to the 
nultivibrator action will increase in amplitude. Similarly if the amplitude of the input signal falls 
the a.,Litude of the pulse cn the ancde of V3 decreases. 


Sk. This pulse is fed via the cathode follower Vg to the cathodes of the first two I.Fe valves, thus 
Providing a bias pulse which will maintain the receiver output constant during the reception of the Master 
Station pulsese Once the amplitude of the pulse on the tube has been set to approximately three qlarters 
of the saturation level by adjusting Ry on the A.V.C. unit (2 to 3 om deflecticn should be allowed), the 
4eV.Ce Circuit will maintain {t at this level. 
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63. The upper terminal block on the chassis of the A.V.C. unit carries the connections to the post 
effice keys operating the relays on the Filter Input Unit, Filter Strobe Unit and Calibration Unit (See 
Table 3)e 


FINS PHASE SHIFTERS 3 and 4 


64, The purpose of the Fine Phase Shifters 3 and 4 (so numbered because they replace the Phase Shifters 
2 and 1 respectively used on R1363) is to move continuously by means of handles the phase of the 150 ke/s 
sine wave from the crystal oscillator on the F.Cc.0. The inputs to the Phase shifters are fed in parallel 
from the oscillator, the output from P.S.4 being taken to D,»II and from P.S.3, to DeIIle 


65. The effect of turning the phase shifter ccntrols is as follows:~ 


When P.S.4. is turned all the pulses seen on the cathode ray tube move along the time base, since the Time 
Base Unit is locked to the output from Divider DeIIe When P.S.3 is turned, only the local transmitter pulse 
moves, as this {s locked from Divider DeIIle Tho circuit diagran of P.Se< and J <i shown in Figures 26 
a at ad the a ka in Figuées 30 and 29 respectively.-' én explanatory Veetcr Diagran is given in 

Figure -28, z 


66. P.S.4e The input from the F.C.0. crystal oscillator is fed into a transformer coll Lis which is 
mounted in the control box under the desk (See Figure 2). Two resistors are connected in series across 
the secondary and the common point gs earthed, The output from the cvil is connected acvoss two comers of a 
phase splitting network Cis Lay Rg» Rae This output is represented by AB in Figure 28, and is applied to 
plates A and B of the special condenser Cge This condenser has four stator plates and one rotore The 
output from the other two corners of the phase splitting network is applied to plates C and D of the 
ccndenser Cg» This output is 90 degrees out of phase with respect to the input voltage and is represented 
by CD in Figure 28 


672 Now for any position of the rotor plate of Cg (which has no sto# to linit its rotation) a certain 
voltage will be induced upon it from the stator platese Suppose the rotor is between plates A and D of the 
stator, rather more under A than under D, then a voltage Al will be induced upon it from A and also a 
voltage Dz lagging by 90 dege frcem plate D.The resultant of these two voltages is shown as By in Figure 28 
Now suppose the rotor is rotated to lie between D and Be ‘Then, referring to Figure 28, a voltage De will 
be Induced on it from D and a voltage Bg from By the resultant voltage being Eze 


68, Similarly when the rotor is further rotated to lie between B andC andC and A voltages B3 and 4 
respectively will be induced upon it. Thus the effect of manually turning the rotor is to ccntinually 
alter the phase of the 150 kc/s sine wave induced on the rotor plate with respect to the input signal AB. 
This voltage 1s amplified by the valve V1 and taken out to Divider D.Ii. via the transformer coil L4y the 
primary of which is tuned by C7- The grid circuit of the valve is similarly tuned by L3 and C26 


+ 
69, The connections of the phase~splitting network to < in P.S.4 are made so that a clockwise rotation 
of the -nob advances the phase of the 150 kc/s output. THis effectively "speeds up" the time base so that 
the received pulses travel towards the right hand end of the time base. 


710. PeSeSem The operation of P.S.3 is similar to that of P.S.4. The connectiongto the condenser Cg 
are, however, transposed so that a clockwise rotation of the control knob retards the output. Thus a 
clockwise rotation "slows down" the operation of Divider III so that the local transmitter pulse moves to 
the right. 


71le The control knob of P.Ss.3. {s mounted on the front panel of the unit, whereas the phase shifting 
condenser and network of P.S.4. are mounted in a separate box under the desk. A microammeter, which is 
fitted with a flexible lead terminating in a jack, is mounted on P.S.3. and a eloek is mounted on the 
corresponding place on PeSete P.S.5 is not used at Monitor Statims. 


DIVIDER Dell 


72e  #The purpose of Divider DeII is to produce pulses at 500 ¢/s rigidly loeked in phase to the 150 ke/s 
sine wave from the F.C.0. crystal oscillator, These pulses are then used to lock the time base. LocKing 
pulses at 500 c/s are also taken from D,II to the Filter Strobe Unit and A.V.C. unit. 150 ke/s pips from 
DeII are used to produce the 1.5 Mc/s calibration wave from the ¢alibration Unit ad pips at 15 and 150 kc/s 
from DelI are fed on to the cathode of the C.R.T . to give bright calibration marks. 


73. - Figure 23:shows the-circuit diagram and Figure 24 the waveforms and chassis layout. The {Input to 
the divider is a 150 ke/s, sine wave of about S volts peak to peak amplitude. This is fed into the first 
valve V, through the tunéd autotransformer coil T] which has a step-up ratio of 1:10. Since the signal 
at the grid of Vi. is ‘of greater amplitude than the valve is capable of handling, the anode waveform of this 
valve is Jistorted into'a square wave with rathar sloping sides due to stray capacities across the anode 
lead R4 (Figure 24B)e 


74e V2is a squegging valve. The square wave from V, is fed through a short time constant circuit 
C4, Rg on to the grid so that a positive pip is passed. This makes V2 draw a pulse of anoce curre«t 
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through Ty which is connected so that this drives the erid core positive, Grid current is ¢rewn frcom C4 and 
C6 and the grid of Vo is driven negative ty the jcint action of the overswing of the grid voltage jue tc the 


oscillatory character of the transfcrmer winding and the discharce of C4 and Ce due to grid current. Thus 
the valve is rapdily cut off and C4 begins to charge up again. (Figure 24C). 


7Se The timc constant C4 Rs is chosen so thet the erid voltage has nearly risen to carth pctential by the 
time the next 150 kce/s pip arrives at the grid cf V2. Thus the encde current cf V2 ccnsists of a nurber 
of pulses of current very quickly shut cff. These pips which are of about 4 gs duraticn only, are teken as 
positive pulses from the cathcde of Ve to the squaring valve V44 whence they are fed to the cathode of the 
CeR.T . to provide 150 ke/s bright calibration picse An outtut is also taken fromthe cathcde of V2 to lock 
the 1.5 Mc/s calibraticn unit. The cathode waveform is shown in Figure 24D. 4 more detailed treatment of 
the blocking (or "squegging") oscillator {is given in Appendix 2 


76 V3 is the first divider oscillatcr stage. This consists of a triode valve arranged as a squegger, 
the anode and grid circuits being tightly coupled by T2e V3 is normally biassed cff by the voltage on its 
cathode developed across Rize In the grid circuit Cy charges up thrcugh Rg and Rjg ond superimposed uren 
this steady rise in voltage are the 150 ke/s pijs from the cathcde cf Voe When this voltage has risen 
sufficiently, Vz conducts and draws a pulse of current through Toe This transformer is so connected that the 
grid is driven more positive and grid current is drawn from C7. 


77~ Grid current continues tc flow until the grid voltage swings negative cue to the joint gcticn of the 
overswing of the grid voltage caused by the oscillatory character of the transformer windings and the 
discharge of C7» The negative voltage on C7 is rapidly removed by the dicde Vl2q_end so the grid end of c7 


4g restcred to carth potential, : ey then begins to charge up again throuzh Rg and Rype The complete cycle 
of operation is shown in Figure 258. 


78.  $The voltage on the H.T. end of Rg can be varied by adjusting P.le This controls the rate of charging 
of Cy and 1s set so that the arrival of every tenth 150 ke/s pip causes the valve to squegg. Thus V3 Droduces 
15 ke/s pips at its anode locked tc the 15¢c ke/s pips fed on to its grid. The waveform here is shown in 
Figure 247. Positive pips can be seen coming from the cathode of V2 snd a negative pip is seen every time V3 
squeggs and draws grid current. To set up the divider stage, this waveform is observed on the Oscillograph 
Unit and P1 is adjusted so that one negative pip occurs for every ten positive pips, as shown in Pigure 240. 


79. The valve V4 has two functicns; as a buffer to prevent interaction between the twc divider stages v3 
and V5 and as bias regulatcr for Vge The bias for v3 is taken from the cathcde of V4y and the grid of the 
latter valve 1s taken to a potential divider Ris, R16, Py across the H.T. supply. Thus if the H.T, voltage 
rises, the cathcde potential of v4 rises (being a cathode follcwcr) and hence the hold=cff bias of V3 inercases. 
Therefore, since the rate of charging of C7 also increases due to the higher charging voltage, the various 
factors tend to balance out and the cperaticn of the divider stage is maintained constant over a fairly wide 
range of H.T,. voltage. In fact, the divider will not slip if the H.T. voltage varics by es much as plus or 
minus 50 volts. 


80. The third winding on Tg feeds positive 15 kc/s pulses through Cig and the limiting resistance Reg 
on to the grid of V4e The output from v4 is taken frcm the cathode (Figure 24J) and is used to synchronise 
the next division stage (consisting of V5» Ve id V74) the operaticn of which ts similar to that of the first 
stagce Po provides the adjustment cof the division ratio, which ts 5. 


8l.e The third stage ccnsists of V8s Vg 2nd V7pe P4 is the divisicn ratio control which is adjusted to 
divide by 6 Vyz4 is the calibraticn valve which supplies 15G and 15 ke/s brightening pulses to the cathcde 
ray tubee As described in parae75 150 ke/s positive pips from the cathode of Vo are fed cn to the grid of 
Vl4e 15 ke/s pips from Tz are fed cm to the ancde (Figure 24K andi). When the Time Base changeover 
switch is at "Strobe" or "High Speed" a pair of ccntacts on the switch short out R53 via the terminal orange 
213 so that V14 amplifies the 150 kc/s pips on its grid. These then appear at the anode together with the 
15 kce/s pips and both are applied to the cathode of the cathcde ray tube (Figure 244). In the "Maint 
position of the time base switch the contacts are open so that Vy4 is biassed off ty R533 thus only the 
15 ke/s pips are seen on the trace. 


8&2 The valves Vigs,V1l » Vlgp ad V13 make up the Coarse Phase Shifter, This works in the same way as 
a divider stages <A potentiometer ?5 fitted with a switch is mounted onthe front panel. When this 
switch {s open Vz] is cut off by the blas voltage across R4g,y but when the switch is closed yi1 starts to take 
ancde current anc since the grid and anode circuits are tightly coupled by T5 a curulative acticn is set up 


and the valve squesgSe The squegging frequency {is locked by the 15 ke/s pips fed on to the grid of viz via 
the cathode follower Vlg so that the coarse phase shifting is regular (Figure 2455) « 


8&3. The anode waveform (Figure 24KK) consisting of a negative pulse followed by a positive "ringit is 
passed from the third winding of T5 throuzh the dicde of Vigge Only the positive part of this wavetcrn 
appears at the cathode of the diode, is differentiated by the variable short time constant circuit Co4s 


Cc R Figure 24LL,) and reaches the grid of Vig via the limiting resistance R4ge This produces negative 
prises Be 24 ae at the anode of v13 Which are fed to the junction of Rg and Rig through which Cy 


is charged. Thus every time the negative pulse from vig arrives the charging of C7 1s checked (Figure 24 NN)e 


84, Cea is adjusted so that the duration of the negative pip fromthe anode of Vig is sufficient to 
retard the charging of Cy to such an extent that V3 squeggs after the arrival of eleven 150 ke/s pips Instead 
cf ten. This therefore retards the phase of the 15 ke/s pips Leaving Vg by 62/3 US every time Vj} firese 
The number of times vg fires per seccnd is determined by the setting of p5 so the rate of phase shift can 
be controlled, 
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85e The circuit diagram of DelII, which is not used at Monitor Stations, is shown in Ficure 25 cnd the 
waveforms in Figure 24. The circuit is similar to that of Divider DelI with the follcwins cxcosvicns:= 


(4) The 150 kc/s squecging valve vo is replaced by a cathcde follower with a short time ecnstant C4 
Rs in the grid circuit. 


{i1) The division ratio of the second stage is 10 instead of 5, thus givine a 20 c/s output instead of 
500 c/se <A fine division control pg is provided for the second stagce 


(111) The calibration pip valve (v14 in D.II) is not required. 


(iv) Three valves V16, Vis and Vyz4 are provided to produce a pulse of about 400 pis wide and 12 volts 
amplitude, This is fed thrcugh the cathode follower v14 to the transmitter hut to trip the 
transmitter. 


86. Vig is the Pulse widmer, ‘The input from vg (Figure 24Aa) is applicd to the cathode of V16 Which 
conducts during the negative part of the cycle and so charges Gge when the negative part of the cycle hes 
ended Cay discharges through the high resistance R5ge This gives a waveform, shown in Figure 24BB, which 
cutsoff Vis thus producing a 400 pis positive pulse at the anode of this valve. This pulse is then passed 
to the cathcde follower V14e 


874 From the cathode of V1z4 an output is take to a three~position key. With the key in the upper 
positiion (OFF) the output ig disconnected. In the middle position (INSPECT) a marker pulse is taken through 
a gmall condenser Cg5 via a terminal on the Filter Strobe Unit to the Yl plate of the C.R.T. and in the 
lower position (SEND) the locking pulse is sent down the line to the transmitter hut. 


TUE BASE UNIT 


88, The circuit diagram of the Time Base Unit is shown in Figure 31 and the waveforms end chassis laycut 
in Figure 32e The traces produced on the cathode ray tube are shown in Figure 43, There aro three 
different time bases available, the Main, the Strobe and the High Speed Strobe time bases respectively. All 
are produced by the sare unite 


8&e Main Time Base. The appearance of the Main Time Base on the cathode ray tube is shown in Figure 43, 
The circuit diagram is shovm in Figure 21 where all the ccntacts of the changeover switch are shown in 
position Me The 500 c/s input to V1 is taken from Divider II. This input pblse (shown in Figure 324) is 
applied to the suppressor grid of Vi, which is connected in a Transitrcn circuit. The positive pip causes 
V2, to conduct and draw current from C1, so that at the md of the positive pip Cy will be negatively ehargadiand 
as Gg of Vz is connected to Cy this diverts some of the anode current of Vy to the screen so that the screcn 
voltage falls due tothe drop across Rg The screcn is connected to the suppressor via CZ so that the 
drop in voltage is communicated back to the suppressor so that a cumulative effect is sct up and yz is cut off 
sharplye 


90. The condenser Cg now discharges through Rg and Rds the rate of discharge being adjustable by Ra 
("Square wavelt) so that the next positive synchronising pulse brings the suppressor voltage above cut off. 
The process is now reversed and Vj is brought on sharply. The waveforms at Vy screen, suppressor and anode 
are shown in Fige32B, C and De It will be scen that a square wave is froduced at screen and ancde, This 
Square wave is not symictrical, as the negative zoing edge is produced by the rear edge of the locking 
pulse and the positive going edze by the front cdge of the pulse, but this assyrmotry is not importante 


NOTEe™ <A more detailed explanation of the Transitron is given in Appendix l. 


Qle The square Wave from the ancde cf Vi is fed to the srid of V6 viaC15 and the liniting resistance 
R32e V6 is cut off during the negative part of the square wave so the scercen potmtial 1s eguel to the 
HeT . voltage but when the positive part arrives the valve ccnducts and the suppressor voltage falls below 
cut off due to the Transitron acticn already described. 11 the cathode current of the valve flows to 
the screen, which therefore takes up a very low potential (Figure 328 and F)e 


92 Cy” then starts to discharge, the rate of discharie being controllable by R71 ("A stop, positicn'), 
As soon as the suppressor voltage rises above cut off (Figure 328) the anode starts drawing current so the 
screen voltage and hence also the suppresscr voltage rise sharply. The valve now concucts until the arrival 
of the negative wavefront from Vy which cuts Vg off completcly, so that the screen voltage again rises to 
full H.Te potential. The complete waveform generated on the screen in this manner is show in Figure 32F. 
The length of the "steptt cen be varied by R71 and the amplitude cem be adjusted by R72 (Strobe Spacel), 
This waveform is applied to the Yo plate of the cathode-ray tube to produce the stepped double time base, 


93 The input to Vop consists of a positive pulse followed by a negative "ring" (Figure 326). The 
positive part of this waveform charges C4 through Va; end this charge then leaks away through Rs which is a 
high resistance. The time constant R5 C4 is large so that the pulse at the cathode of Voy is longer than the 
pulse applied to its anode (See Figure 32G and H). 
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94.4 Vg is normally biassed off by the voltage across Ry2s but the positive pulses developed across R5 
make the Valve conduct for about 150 ws. The anode and sCrecn potentials of V3 therefore fall sharply as 


Cg discharges through the valves When vg is again cut off, the ancde pote@mtial rises slowly as Cg charges 

up through Rig (Figure 32 1) and the screen potential rises imediately to its original value as shows in 
Figure 32 Je The anode circuit time constant Rig» Cg is 25,000 4s and Cg is allowed to charge up through 

Rig for about 1600 us only so the rise in anode potential is nearly linear. The variable resistance Reé6” 
(Main T,B.eAMpe") controls the potential towards which Cg charges up when V3 is cut off aid this determines 
the amplitude of the saw-tooth waveform produced at the anode of the valve, The negative pulse on the screon 
of V3 (Figure 32J) is taken to the grid of the cathode ray tube and is used to black out the flyback stroke 
of the time bases 


95. The saw~tooth wave generated by v3 is only of about 15 volts amplitude, so it is therefore amplified by 
the paraphase amplifier valves V4 and Vs in order to provide a large enough deflecting voltage to apply to the 
Y plates of the cathode ray tube. V4 amplifies the saw-tooth and feeds it to the Xj platee a fraction of 
its output is tapped off by R19 and Rag and 1s fed to the grid of Vs, which fecds the X2 plate. The variable 
cathode resistor Reg ("Paraphase'!) of V5 is adjusted until v5 is giving an output voltage of equal amplitude 
(but opposite sign) to that given by V4e (Figure 32K and L). 


96 Negative feedback is provided by Ry7 in v4 and Reg in V5 in order to improve the linearity. Reg 
provides an X shift control by controlling the mean D.C, level of the output to the X plates. The 
production of the bright Strobe markers is described in para. 99 and 100. 


97e Strobe Time Bases The strobe time base is produced whem all the switch contacts on the circuit 
diagram (Figure Sl) are in position "8", The action of Vy and Vg is unchangeds V7, Vg md Vg are the A, 
B and € strobe producing valves respectively. The input to Vy is the same as the input to Ve (Figure 3a) 
but the output from this Transitron is taken from the anode. When the positive-going square wave is applied 
to the grid both the anode and screen will start to take current, but since the sereen resistance R4g is so 
high (220K) the screen voltage will fall rapidly thus cutting off the suppressor grid and preventing the anode 
from drawing current until c3g has discharged sufficiently (Figure 32.0). The anode waveform (Figure 32P) is 
thus a negative "spike" coinciding with the arrival of the positive=going edge of the square wave on the grid, 
a short wait the length of which depends upon the setting of C3gs and then, when the condenser has discharged 
sufficiently to allow the anode to draw current, a square negative pulse lasting until the locking waveform 
goes negative again, “The position of the front of the negative pulse depends upon the setting of C39« 
("A Strobe position"), 


986 Vg and Vo operate similarly to v7 except that the square locking wave applied to the grid of Vg 
is taken from the screen of yj instead of from the anode, so that this input is effectively in ant i=phasce 
This confines the C strobe produced by Vg to the lowor trace of the time basee The anode waveforms of Vg 
and Vg are shown in Figure 32R and Ue The ‘téoming-—of the negative strobe edge B (Vg) is determinad by the 
switch $3 ("B strobe position coarse") which connects different capacities into the .transitron circuit 
and by the fine control Cd4ge The C strobe edge is similarly controlled by 84 (coarse) and C46 (fine). 


99. The outputs from Vy, Vg and Vg are differentiated by the ccndensers Cgls Cz and Ca6s cach condenser 
forming a short time constant with Ree and R7g ("Strobe T.B. period"). The mixed differentiated outputs are 
shown in Figure 32V. When these are applied to the suppressor grid of Vig» Which is another Transitron, 
square negative pulses are produced at‘*the suppressor and screen and smaller positive pulses at the anode, 
by the usual Transitron actione 4 condenser Cg7 1s connected between anode and grid of Vig so that the 
anode waveform (Figure 32Y) is fed back to the grid thus cutting the valve on and off more sharply. These 
pulses can be moved along by the coarse and fine position controls so that the A strobe pulse can be set 
anywhere cn the step, the B pulse anywhere on the B trace and the C pulse similarly anywhere on the C trace. 


100. The durations of all the strobe pulses are varied by R7g ("Strobe T.B. period") which control the 
discharge time of the condenser C32e The screen waveform of Vip (Figure 32x) is tapped down by Rel and Ré& 
and applied to the cathode of the cathode ray tubee This provides brightening for the strobe time bases to 
overcome the faintness due to the high speed of writing, and on the Main time base indicates the positions 
of the strobes by bright markers which can be made to move along the time base by means of the strobe 
position controlse When the time base switch Sj is switched to "Strobe" those portions of the main time bes¢ 
lying inside the strobe markers are expanded. 


101. Vg provides the actual deflecting waveform for the strobe time base. in the "strobel! position its 
cathode 1s earthed and the grid is taken to H.T. via the leak Rgge The square negative strobe pudses from 
the screen of V,, are fed through C37 on to the grid of Vz» this cutting the valve off. This allows Cv 

to charge up through Rige The time constant Rig C7 Is 500 sls and the valve is cut off for about 80 Als only y 
so the rise of voltage ac’ oss C7 is nearly linear. when V3 again draws current, at the end of the negative 
Strobe pulse, Cy is discharged. The time after which Vg Is cut on again is determined by R78 ("Strobe 

TeB. period") which controls the length of the strobe pulses and hence the duration of the strobe time bases, 


102, Figure 32z shows the waveform at the anode of the time base valve Vg Note that on strobe tim 
base the anode potential of Vz is held down and "pushed up" to produce the deflecting waveform, whereas 
on Main Time Base the anode voltage is "pulled down" and then allowed to rise back to its original level. 
The paraphase amplifiers v4 and Vs work in the same way in the "Main" position except that V4 has its 
blas Increased by the introduction of Ryg and Re? into the cathode circuit so that it can deal with the 
Positive-going input and V5 has its bias resistor shorted out so that it cm handle the negative zoing 
input from V4e (Figure 32 AA and BB). R79 is the X shift control which alters the mean D.C. level of 
the x plates. 
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103e High speed strobe time base. An extra fast Strobe Time Base is available with the switch on the 
upper position. In this case theQ,001 pr condenser C7 is replaced by C38 which isQ.Co03 pF thus giving a 
more rapid sweep as the voltage on the anode of V3 rises more quickly because of the shorter tire constant 
C38 Rig» There is no change in the rest of the circuit. 


1.5 Me/s CALIBRATION UNIT 


104, The 1.5 Mc/s Calibration Unit provides a fine calibration scale for use on the High Speed Strobe tim 
base. It cm give either 1.5 Mc/s pips or sine waves as required. It is locked from the 150 kc/s source 
feeding Divider IIe The phase of the output from the calibration unit can be shifted by means of phase 
Shifter 5 which is mounted under the control desk. fhe scale of the Phase Shifter knob is divided into 10 
divisions (each phase shifter {s individually calibrated) so that the phasing of any pulse on the time base 
can be measured to within about 0.0002 orG,0003 of a division which isQO1 toG,02 of a microsecond approximately, 
by balancing the trough of the sine wave on the peak of a triangular pulse (See Figure 43J). alternatively a 
pip can be balanced on the peak of the pulse, 


105, The circuit of the Calibration unit and P.S.5 is show in Figure 33 and the layout in Figure 34. 

150 Ke/s positive pips from the cathode of v2 in Divider II are fed on to the grid of Vl] via rye Plug P.IIe 
This valve is biassed back by the voltage developed across the 220K grid leak R4y due to grid current, 

(see 8.D,0169, Chapde2) instead Of by the normal cathode resistor and only the peaks of the input pulses are 
passed. These make the tuned primary winding of Ly "ring" at 15 Mc/s, The oscillations induced in L1 
decay fairly rapidly between cach 150 Ke/s pip, so they are applied through a short time constant circuit Cy 
Rg to the grid of V2, which has a coil Le in its anode circmit which is also tuned to 1.5 Me/s by Clie This 
gives a sinusoidal voltage of nearly constant amplitude on the secondary of Los whence it is fcd to Phase 
Shifter 5 through the 4 pin plug mounted on the front panel. 


106 The operation of P.S.5. is exactly similar to that of P.8.3 and 4, The output from the rotor of the 
conden ser ce is fed into an amplifying valve vg via the Pye plugs P22 and Page The anode load of vg is 

the tuned circuit Lg C13 C17 Cyg, and this feeds the sine wave to the grid of v4 through Cyge The cathodes 
of Vg and v4 are taken to earth via a pair of contacts on the '!Cal.pPins' Post Office key mounted on the desks 
In the "OFF" position of this switch (away from operator) these contacts are oponed and vg and v4 are biassed 
off by Rise In the two "CN" positions (Cal, Pips md Sine Waves) the contacts are short~circuited. 


107. V4 has a two-way changeover relay in its anode and screen circuits, This is shown in the unenorgiscd 
position in Figure 33, in which condition the unit gives 1.5 Mc/s pipSe it will be seen that in this case 
V4 works with its anode and screen cannected together. The anode load is Rog and this together with the small 
condenser C25 differentiates the output, giving sharp negative pips which are applied to the Y2 plate of the 
cathode ray tube. In the sine wave position (switch towards operator) V4 works as a pentode, the anode load 
being the transformer coil L4e 


108 The relay is shown in the diagram in the standard symbolic notaticn, being shown as a roctangle vith 
its D.C. resistance in ohms (2000) written inside. The reference number RELI beside it indicates that it is 
relay Noel on this particular unit, end has three pairs of contacts designated REL] 1, RELy 2 and REL] 3. 

109 Nc description of the operational method of using this mit is given as the technique is liable to be 
constantly modifieds 


CATHOLE RAY TUBE UNIT 





110. The C.R.T. consists mainly of the various resistance networks for applying the correct working 
potentials to the cathode ray tube and the input circuits through which the deflecting end brightming 
waveforms are applicd to the appropriate electrodes, The circuit diagram and chassis layout are shown in 
Figure 25, The following controls are provided:=- 


(i) Y shift (R11). This controls the standing potential applied to y1 and Yg increasing the potential 
applied to one as the other is decreased. 


(11) astig (R10}" an input fromthe stabilised H.T, supply from PPg is tapped down by Rig and applied to 
“Sand the graphite shield of the tube. By suitably adjusting the voltage the spot astignatism can 
be reduced to a minimum and the overall focus of the tube Improved, 


(111) Focus (Rig)e= The spot is focussed sharply by altering the E.H.T, voltage on 42 until best 
definition is obtained. The settings of "Pocus" and "Astigt are mutually interdependent. 


(iv) Brilliance. (R9)e" Brilliance is controlled by varying the bias voltage between grid and cathode 
of the tube, thus controlling the density of the electron beam. 


111. The controls are all mounted on the C.R.T. controls panel irmediately above the C.eReT.e pancle 4 
diode valve V1 is mounted on the unit to provide D.C. restoration, which is necessary to keep the brightness 
of the tube fairly constant on both Main and Strobe time bases. 
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OSCILLOGRAPH UNIT 


112. & small Oscillograph ts provided for general monitoring and in particular for setting up the Dividers, 
The conventional thyratron circuit is shown in Figure 37, together with the chassis layout, It will be seen 
that the time base spead is adjusted by the selector switch $1 and the "Velocity" control Rge In position 1 
of the selector a high speed time base is produced by magnetic deflecticne L 1 and Lo being the deflector coils. 
In switch positions 2, 3, 4 and 5 the time base sweep is obtained by electrostatic deflection. In this case 
the positive~going sawtooth on the anode of V2 is amplified and inverted by vg before being fed to the x2 
plate of the cathode ray tube. 


113. «Tne time base mist be synchronised by feeding a signal onto the grid of the thyratron. 4 valve V1 
is provided to amplify the locking signal and to act as a buffer between the thyratron and the circuit uncor 
examinations The cathode bias on V2 may be varied by means of a variable resistance Rige This detormines 
the potential which mist be applied to the grid to make the valve strike and thus provides synchronising 
controle 


114. it is necessary to allow the thyratron about a minute in which to warm up before the H.T. is applicd. 
A diode V5 in series with a relay coil and a resistor is connected between H.T. + aid earth. The relay 


switches H.T, on to the thyratron. When the unit is first switched on vs is cold and passes no current so 
the relay remains open and no H.? . is applied to Vo, but when the valves have warmed up V5 Will pass sufficient 
sufficient current to close the relay and switch H.T onto the thyratron. 


FUSE _AND INDICATCR PANEL 


115.2 The Fuse and Indicator (F and I) Panel carries the mains and H.T. switches and fuses with their 
indicator lamps aid the mains voltmeter. The Circuit diagram is shown in Figure 39. It will be seen that 
the neon lamps are arranged so that if a fuse blows the associated lamp is extinguished. 


POWBR PACKS 





116. There are six power packs on the recciver, PPl, PP2, and PPS are shown in Figure 38, PPS and pré 
in Figure <0 and pp7 in Figure 41. 


11%- PP1 supplies B.H.Te for the two cathode ray tubes and alsc various L.T. supplies, There ere two 
transformers Ty and T2 each having E.H.T. winding and three L.T. windings. The E.H.T . windings give 
supplies of 1,700 volts and 80 volts which are rectified by the diodes Vy ad Vo respectively. Hach supply 
is smoothed by a resistance and two condenserse 


118. PP2 consists of two similar H.T, power packs 4 and By, which are fed from one transformer which has 
also three L.T. windings. Each H.T - supply is smoothed by a double filter circuit consisting of two 
chokes end three blocks of condensers. The second and third set of condensers of ppe B are mounted on the 
Paget of PP3 owing to lack of space on PP2. A SOO ohmresistance is in series withLo on Pr2 A to linit 
the output wot ssn 
A stabilising valve {s mounted on P.P.2, which feeds part of the "A" H.T. supply to the Strobe Gain and A.V.C. 
units, This stabiliser 1s similar to that on P,P.3, which is described in the next paragraph. The potent{o~ 


® 
meter Rg 1s adjusted for minimum hum on received signals. (Asbal) 


output of the power pack with a resistance R2 in its mode circuite The valve takes a constant drain 
from the power pack. Consider what happens if the H.T. voltage tends to rise: the rise will be fcd on to 
the grid of yo through C7, This makes the valve take more current and so the voltage drop across R2 
increases, Thus by suitably adjusting the potentiometer R] the voltage dropped across Rg can be made 
equal to the rise of H.T. voltage, so that the output voltage which is taken from the anode of V2 remins 
constant. 


120e Similarly if the power pack voltage falls the valve takes less current so there is less drop across 
R2e R4 applies negative feedback to the valve thus increasing the lincarity of its charactcristice. Ry 

is adjusted by observing the Hich Speed Strobe time base and turning the potentiometer knob until all the 
time bases are free from jitter. The choke L3 and condensers Cg and Cg are part of the smocthing circuit 
of PP2 B, being mounted on PPS because of lack of space on PP2., 


Lele PP5 supplies H.T. to the Oscillograph Unit, and pP6 provides energising current fom the relays cn 
the Filter Input Unit (F.S) Filter Strobe Unit (F.S.1) and Calibration Unit toeeprneh No shoothing is . 
needed, The output voltage is about + 190 volts, 


1228 PP7 supplies H,T . to the Receiver Unit, together with a negative H.T. supply for the anti~janming 
circuitse An L.T. winding is also provided, Vz is the normal H.T, rectifiers Vo is ccnnectod acrcss 
ene half of the secondary winding of Tj] and is arranged to give a negative output which can be set ccrroctly 
by means of the potentiometer Py. This nezative voltage, should be =230 volts in positions X and Y of the 
anti~jamning switch, measured with a voltmeter consuming not more than 1 mae 


125. Distribution of Power Supplics.s- The power supplies are distributed as follows:~ 


PPL BHT. 


Let. 


14, 


2000V 
1Q00V 


wool 
ay oda 
6eSV 00204 
GeV 206A 
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Main CRT. 
Oo Unit CRT. 


Main CeReTe 

3 Unit CRT. 

Vz on C.R.Te Unit 
Valves in 0 Unit 
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Divider Dell 
Filter Input Unit 
Calibration Unit 
Strobe Gain Unit 
AcVeCe UNIt 

Diode receiver 
Filter Strobe Unit 


Divider Dell! 
Phase shifter 3 
Phase shifter 4 (AeL.1) 
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Diode Receiver 

Strobe Gain Control Unit 
hieVele unit 

Filter Strobe Unit 


Filter Input Unit 
Divider D.II 
Calibration Unit 
Divider D.III 
Phase Shifter 3 
Phase Shifter 4 


Tine Base Unit 
Astige Control on C.R.T. Unit 


Time Base Unit 7 
0 Unit valves 

Relays on Filter Input Unit (F.S) 
Filter Strobe Unit (F.S.I) 
Calibration Unit (CalePips) 

I.F. amplifier and R.F. Unit 


1.Fe amplifier 


I.F,. amplifier and R.F,Unit 


124. Connect the terminals "Yl" ad "Sync." on the © Unit end also connect the long wander lead to "Yit, 
ty2" should be earthed. The waveforms at the various inspection points of D.II, shown in Figure 24N to 
Qs, are then observed by pluggirg the wander lead from "Y1" into the inspection point sockets. At 1ePel 
on DelI we have the 150 kce/s sine wave from the crystal oscillator on the F.C.0. (Figure 24N) which may be 


observed with the condenser switch on the 0 unit in position 2. 


125¢ Inspection point 2 is used to set up the first divider stage, which divides by 1}. The 3 unit 
"yvelocity® nd "Sync" contrcls are adjusted until a steady picture is obtaired and the potentiometer Py, 
("Stage 1 divide by 16") is adjusted until the waveform is aS shown in Figure 2400, that is until there are 


10 positive pips between each 


a renge of adjustment of the controle 


pair of negative pips. 


s 


It will be seen that stable cperation is obtained cover 
The best position ts in the middle of this rangee 


126. This setting should be checked with the Time Base switch in both tmain! and "strobe" positions, as 
“there may be a small difference between the two readings because the calibration valve Vj4 may affect the 
operation of the first divider stage. All the other stages may be set up in eitha position of the Tine 


Base switch, 


127. Stage 2 divides by 5 and Is adjusted by inspecting the waveform at 1.P.35. with the 0 unit switch in 


position 3. The waveform should be as scen in Figure 24 Pe 


The control for this stage is marked "Stage 


2 divide by 5%, and should be set to the centre of the range of correct divisim,. 
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128. Stage 3 is set up by inspecting the waveform at I.P.4 with the-O uit switch in position 4, The 
waveform {4s as sHown in Figure 24Q. P4y marked "Stage 3 divide “by 6 is set to the centre of the range 
over which division by 6 is obtained, : 


129. After adjustment of the division stages the operation of the coarse phase shifter should be checkede 
Suppose the receiver has been tuned in md that pulses are visible on the time base. Turning the coarse 
phdse shift control to the right, thus switching on Viz, should cause the pulses to move in steps of 62/3 
microseconds towards the left of the time basee This is because every time Vi] sdqueggs, the output of the 
divider is delayed by 6273 microseconds and so the stert of the time base, which is locked from Dell; Is 
delayed by the same amount, The speed of travel of the pulses across the time base should increase as the 
coarse shift control is turned further clockwise, as this increases the frequency of operaticn of the phase 
shifter. 


13 It may occasionally be necessary to adjust C24 sc as to msure correct operaticn of the coarse phase 
shifter, which should work at both extremes of the setting of Ple With the divider controls properly 
adjusted set Py so that the first stage is om the verge of dividing by 11 end check that the coarse phase 


shifter works satisfactorily. Now turn Pp, until the first stage is about to divide by 9 and again Poh 
the coarse phase shift ccntrol, It may be necessary to Increase the capacity of rm 

phase shifte This cm be done with a small serewdriver. Reliable phase shifting will then be obtained 

at all settings cf Py. 


131. The adjustment of DeIII is carried out similarly to the method given in para,l24 to 129. The second 
stage, however, is set to divide by lo so that the output pulse occurs at 253 c/s Instead of 500 c/s. A 
fine control Pg as well as the coarse control Pe is provided for the second stage. The waveform at 
inspecticn points 2 to 6 are show in Figure 24 DD tc HH. «an inspectiom point for the 150 kc/s input is 
mounted inside the removeable front cover, at the tcp left hand corncre 


132. Coarse shift operation should be checked on D.III and this is most conv amicntly dene with the "TxeMod," 
switch on D.III ih the "Inspect" position so that a marker pulse from the output valve is fed cn to the yy 
plate of the tubee In this casey the output cf, the civider is delayed by 62/3 microseconds every time the 
ecarse phase shifter squeggs, so the marker pulse on the tube moves to the righte .cjustment of the coarse 
phase shifter 1s the same as for Delle 


DJUSTMENT OF TIMG BASE 


133e The appearance of ‘the Main, Strobe and HighS pecd time bases when correctly adjusted is shown in 

Figure 434, D mde There are in all sevonteen controls and a post Office key switch on the Tine Base Unit 
of which eleven are preset being mounted behind the removable covere Immediately under the time »ase panel 

is a 1% inch ~anel on which are mounted the Focus, Brilliance, astignation and Y shift controls for the cathcue 
ray tubee These should be adjusted before satting up the tire base. Figure.43A shows the appearance cf the 
Main Time Bases This consists of two traces, the upper one having 2 "step" at the beginning. Exch trace is 
calibrated by bright 15 ke/s pips’ obtained from the first divider stage via vi4 in D.II. The time Interval 
between these pips fs 66¢/3 microseconds end they should appear about 3/16 inch apart on the tube. 


13% It is first necessary to set up the "square wave" control -Rue This is mounted cn the sub-panel inside 
the time base unit. By plugging the 0 Unit Inspection lead into inspection point Pz the square wave cat the 
anode of yy can be seen (Fige32D). If R4 is Incorrectly set the two halves of the square wave will not be of 
equal length and the time base will appear: as in Figure 43 Boor Ce when R4 is correctly set, which should 
occur over at least 9¢° rotation, the time base will be as shown in Figure 43,. 


135. «fter setting up the "square wave" stage, the 15 kc/s coarse calibration pips can be checked. These 
should be about twenty=seven on each trace, the other three being lcst in the "black out", After this the 
"4 step" control R7y Is Seb Up. This varies the lensth of the step at the beginning of the upver trace 
and should be set sc that there are three coarse cclivration pips upon ite The step waveform may be 
observed at Pg (Figure 32 F).e 


136e The spacing between the time base traces (and hence the spccing between the strobe time bases) may 

be adjusted to acmvenient size by varying the crplitude of this step waveform by means of the "Strobe Spacer 
control R72 The amplitude of the main time base can be altered by mems of Reg (Main T.5. ame"). This 
should be set so that the trace just fills the screen of the tube. The deflecting waveform et the ancde 

of V3 can be seen at Pg end is shown in Figure 32 Ie R66 aujusts the amplitude of this saw=tocthe 


137, The output fromthe first paraphase auplificr V4 may oe clserved et P43 the correct waveform is 
shown in Fizure 32k. If the enplifi@e is overlcac: the output will be distorted which will cause the 
time base to be non=lincar, Should this cccur the "Main T.B,. Amp." control should be used to reduce the 
inpet to V4 until a good sayw<tooth is obtained at Pe 


138, At P5 we have the output fromthe sccond paraphase amplifier v5s as shown in Figure 32Le The 
‘Paraphase" control R6g should bo adjusted sc as to make the cutput from V5 of equal amplituce to the cutput 
from V4. This is best done by removing Vs anc. noting the time base omplitude. Thon replace the valve cna 
adjust the "paraphaset control until the amplitude of the time base is double its mrevious value. ..ls0 
check the operation of Reg "Main (x) Shift", 
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139, Three Strobe Narkers" should be sean on the main time base, These arc bright patches which cover - 
about G0 as (slightly more than the distance between two 15 c/s calibration pips) and their positions are 
controlled by means of the three slow-motion dials giving fine ccntrol of the a, B and C strobes and the 
switches "B strobe position" and "C strobe position" which give coarse control of the B dC strobess The 
A strobe marker can be moved over the A trace, that is the region to the left of the step on the upper tracce 
The B strobe marker covers the region to the risht-hand side of the step and the C strobe marker covers the 1 
lower trace « Ryg "Strobo Period, varies the length of the strobe time bases by controlling the tine 
duration of each strobe. Rey (“Strobe amp") varies the length of the strcbe time bases by expanding or 
compressing them without altering the time duration of each. 


140. The switch "Strobe Gain Select" (Se on the cireuit diagram) determines whether strobe gain control 
{sg applfed to the B or ¢ strobe. The potentioncter rg4 ér R5g ("B syne or C syne") should be adjusted with 
receiver gain high cnough to see the "noise" anc the strobe gain control at mininun, until the strobe gain 
control unit ig synchronised correctly. This control also permits a small variation in the loncth of the 
strobe gain control pulse to be cbtained. 


METER READINGS 


1dl. An O= 250 micrcamp meter is mounted on the panel of Phase Shifter 4. It is equipped with a 
flexible lead and jack plug which can be plugged in to ony cf the sockets on the units. ach soékct is 
shunted by an accurate wireswound resistor which is one of three standard values, 1564, 6607 or 302 ohms. 
The resistance of the meter is 00 ohms so that a simple calculation shows that the multiplying factors are 
as follows:~ 


Shunt X Factor Full scale Deflection 
15.4 40 Jom 

6007 100 2orma 

3002 200 50 MA 


#2. ji, List of nominal current readings for each jack is given in Table 4. The readings may differ 
slizshtly in individual receiverse The values given are actual indications on the meter in microamps ~ to 
ebtain the current reading in milliamps multiply by the multiplication factor and divide by 1000: Cee 2 
current of 50 microaaps thrcuzh a 15.4 ohm shunt (multiplying factor 40) indicates an actual current 





of 50 x 40 = Whe 
1000 
TaDLE 4 
Jack Noe Nominal readin ere eerey ae X Factor Remarks 
ABCE IVER UNIT 
N x x Z 
Hee 120 120 120 12 200 
V1 V2 0) 100 loo 100 Joo (Maxe cain) 
Vs V4 V5 lio 40 40 co 100 
Vy 18 180 1s = 180 100 
Ve 50 50 50 50 100 (Mine Gain) 
V9 8) 4 49 Jo 100 (Mine Gain) 
DIODE. RECE IVER 
Vo V3 70 200 
Va V5 Loo 200 
FILTER INPUT UNIT 
V1 & do 
V2 lo 100 
Vs 20 do (FsSacff) 
V4 200 100 
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TAEPLE 2 (CONTD.) 
Jack Noe Nominal reading X Factor Remarks 


FILTER STRODE UNIT 





Vi 15 tc 30 dQ - (Depending cn setting of 
!P.S. Position") 

V2 75 1060 

V3 170 100 


STROCE GAIN CONTROL UNIT 


V1 5 49 
Vo 60 100 
V3 200 


V1 126 100 
TUS SaSE UNIT 
Main Strobe 
Vi 95 95 100 
V3 & 115 100 
Via 50 25 
V5 €0 100 49 
V6 160 169 8) 
Ve & & =) 
V5 100 185 ie) 
V9 100 100 49 
Vio 195 205 40 
weVeCe UIT 
V1 ‘6 loc 
V3 100 log 
V4 45 1603 
V5 40 ict 
Vs 5 10¢ (With ..V.c.c. wetine) 
LILRATICN UNIT 
Vy 20 4p 
V2 € 0) 
Vz 60 4g 
Ve 150/126 oe) (Cal, Pips/3ine weve} 
DIVIDER D.IT 
Vi 95 lec 
Va 140 6) 
V3 130 49 


V4 146 40 


Jack NCe 


DIVIDER 2.11 (CONTD.) 


V5 

V6 

Vg 

Vg 

Vio Vii 
Via 

DIVIDER D. IIL 

V1 


v2 
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TaDLB « (CONTD.) 


Nominal reading X Factor Renarks 
Main Strobe 
105 100 
120 =e) 
105 100 
185 4 
150 40 
70 /120 40 (Main /Strobe T.D.) 
85 100 
95 100 
130 46 
130 40 
95 100 
149 40 
95 1oc 
200 40 
200 0) 
10 4Q (Max Coarse Phase shift) 
155 100 
100 40 
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INTER UNIT CADLING 


TAPE COLOUR TAPE COLOUR 
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Black 
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DLE 3 


P20. KEY CCNNECTICNS 







KEY NO. 198 (REMOTE /LOCAL /AUTO) 






LEAF NO. 


ON KEY CCLOUR OF LEAD 






BLOCK 





























Orange 1 White 
236 Red 2 Black 
237 White 3 Red & Black 
238 Yellow 5 orange & Blue 
239 Green 32 Slate 
240 Blue 3L Green 
241 Black 2% Orange & Red 
eel. Biack 29 Blue & Red 
222 Blue 28 Brown & Red 
225 Green a7 Blue & White 
R24 Yellow 25 Red & White 
225 White 2A Drown 
226 Red ee Red & Green 
227 Orange 21° Red 











KEY NO. 216 (LOC.L MANUsL CCNTROL KEY) 
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KEY NOs68(A) (FILTER STRODE) 


LEAF GN KEY NO. 68(..) 


NO. CN LEAP ON KEY NO. 68(B) 
BLOCK (F.S.1) 
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APPENDIX I 
The Transitron 


The !Transitron! {ts a single valve circuit deponding for its opcraticn on.the suppressor grid character 
istics of a pentodc. Its chicf usc is to generate a square wave from a synchrcrising pulse and in this 
respect the Transitron resembles the better known multivibratore 


Figela shows the effect cf variations of suppressor grid potential upon the anode and screen current of a 
pentode valve, the control grid being supposed to be connected to cathode, and the anode end screen voltages 
kept fixed. A fall in suppressor grid potential decreases the anode current and increases the screen 
current, the total valve current remaining approximately constant since this is determined by the control and 
screen grid potentials. 


Suppose that the anode and screen arc loaded by means of resistance R] 21d Roe Figelb fliustrates 
typical potential levels to which the electrodes will adjust themselves when the suppresscr is at cathode 
potential, and figelc the corresponding levels when the suppressor is below the anode current cut-off 
pointe In figelb most of the valve current is passing to the anode so that there is a large drop of 
potential across the anode load; the screen current is small, In figelc the ancde current is cut off by 
means of the suppressor grid so that the anode is at H,T . potential and the whole valve current flows to 
the screene The scercon potential thus adjusts itsclf to a very low value and the valve takes only a few 
milliamps of current, the behaviour of the first three electrodes being similar to that of a triode, During 
operation the transitro altemates between conditions (b) and (Cc). 


Consider now the circuit of figeld and suppose @ small negative synchronising pip fed through C2 to the 
suppressor grid of the valve. Before the arrival of the pip the valve was In condition (b) with the 
suppressor 2t cathode potential, but the synchronising input takes it below cathode level and causes a 
decrease of anode current and an increase of screen current, The screen potential therefore falls and 
drives the suppressor grid further negative since they cre coupled by means of Cle This causes a further 
increase of screen current and a cumulative action is sect up which rapidly brings the valve into condition 
(c) with the anode current cut off and the sercen ‘at a low level. The suppressor grid is driven negative 
to earth by on amount equal to the.fall in screen voltage. Sce figele. 


fhe screen current now discharges C1 through Rg and the potential on the suppresscr grid rises towards 
earth. The discharge continues until the suppressor grid potential has risen sufficimtly to allow the node 
to take current; the screen current then falls allowing the screen potential to rise and carry the 
suppressor further towards cathode potential. This causes a further reduction in screen current and the 
action is cumulative. Most of the valve current now, flows to the anode and so the anode and screen return 
to the levels shown in figelb. The suppressor grid is driven above earth potential by the sudden rise in 
screen voltage and the charge on Cl] then leaks away until the grid is again at earth level. The discharge 
of the condenser is partially offected by the flow of suppressor current. When the suppressor grid has 
returned to cathode level the cycle is complete and is repeated cn the arrival of the next synchronising Pip. 
Negative synchronising pulses arriving before the positive suppressor potential has been removed have no 
effect. 


It will be seen that the anode waveform is a positive square wave and the screen a negative square wavee 
The width 1s determined by the discharge of C] through Rg Td Rg and may be varied by adjustment of the 
suppressor grid leak Ra 


In tne circuit of figelf the width of the square wave output is varied by adjusting the pctential at the 
end of the grid leak Rg The more positive this potential, the faster is the initial rate of discharge of 


C1 so that the width is reduced by increasing the potential at the end of the leake See figelge 


The transitron action fails if the anode load is so large as to bring the anode potmtial ove~ the knee 
of the . Characteristics, for under these ccnditions the change in anode voltage affects the an¢ce current 
and offsets the effect of the variation of suppressor potentials. 


The stability of the Trensitron may be improved by connecting a diode between suppressor zrid and carth. 
With this arrengerent it is also possible to synchronise the valve by means of positive pips as in figelj. 
For suppose the pmtode removed, then the positive pip causes the diode to ccnduct and the condenser C2 
becomes negatively charged by the diode current. At the end of the positive pip the mcde of the diode will 
be negative to earth since Co has now charged up, Thus the positive synchronising signal produces a 
waveform as shown in figelk at the anode of the diodes The negative part of this wavefcrm serves to 
synchrcnise the transitron, The transitrcn cycle thus starts from the back edge of the positive synchronising 
pulse and the relaticn of the waveforms to the locking signal is shovm in fig ll. 


APPENDIX II 


The Blocking Oscillator _ 


Consider the circuit cf fige2ae It will be seen that the erode and grid of valve Vy are vightly coupled 
together by means of an ircn=cored transformer, the polarity of which is arranged to give positive feedback 
to the valve. 
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Suppose the valve cut off by the negative charge cn the grid ecncenser Ce The charge leaks away through 
R and the grid drifts slowly towards cethode potential until eventually the valve starts to conducte Anode 
current then flows through the primary of the transformer end the mode pctential falls rapidly, m E.MF. is 
also induced in the secondary and this carries the grid further positives A curnlative action is set up 
which drives the grid well above cathode potential and the anode voltage falls to a lew value, The effect 
of the inductance of the trensformer windings is to meke the grewth of anode current slower than the fall of 
anode potmtial; the waveforms are shcwm in figecbe When the grid is positive to cathode, a large grid 
current flows and negative charge accurulates on the condenser C so that the potential at A falls, 


After a time the anode currcnt reaches its maxinum value and stops increasing. But the E,M.F. induced in 
the secondary of the transformer is proportional to the rate of change of anode current so that the positive 
drive in the grid is redueed and the grid potential falls, This reduces the mode current and the anode 
potential rises rapidly; at the same tire the grid is driven further negative. The valve is thus suddenly 
cut off so that the anode current falls almost instantancously to zero and the resulting induced E.M.F. in the 
primary of the transformer carries the anode far above H.T . potential. at the sane time the grid potential 
is carried below that of Ae As the energy stored in the ragnetic field of the transformer is dissipated the 
anode returns to H.T, potential and the grid to the potential at Ae 


The valve being cut off, the condenser is left with the negative charge accumulated during the conducticn 
period and this leaks away through the resistance Re The discharge of the condenser is expcnential and the 
waveforms at A is shcwn in fige2ce The grid waveform is shown In fig.2d and it is seen that during most of 
the rest period, the grid is at the same potential as Point A. After a tire determined by the time constent 
CR of the grid circuit and also by the extent to which 4 is Initially driven negative, the grid aprroaches 
cathode potential and the valve again takes currente The cycle is then repeatede 


In the circuit of figs 2a the grid leak is taken to cathcde so that the condenser discharges expcnentially 
towards cathode potential. The valve does not start to draw current until the discharge is almost 
complete and the rate of rise of potential on the grid is then very sloWwe The reeurrence frequency of the 
oscillator is therefore unstable, In figele the grid leak is taken to a positive potential y and the 
potential at A rises exponentially towards this level. The grid reaches cathode potetial when the process 
is only about cne=third completed so that the rate of rise of potential at 4 is still rapid and the stability 
of the recurrence frequency is improvcde 


The rate of discharge of C is always preportional to the potential difference between its plates, If the 
potential V on the grid leak is inereased, the discharge is speeded up so the recurrence frequency is 
increased. Thus a convmient frequency control is obtained by taking the grid leak to the slider of a 
potentiometer as in fige2ce 


The discharge time of C varies if the potential to which A is driven negative when Vz conducts changes, 
is an important source of instability because variations in valve characteristics will affect the amount of 
grid current collected by the condenser and therefore the initial negative voltage at Re Variations of stray 
capacity on the grid of the valves for example, offset the pulse width and so the amount of charge 
accumulated on the condenser. In order to stabilize the discharge pericd it is necessary to provide a means cf 
of regulating the potential through which C must discharge and to make it independent of the characteristics 
of Vye 


If the cathode of vy Is blassed above earth level as in fige2g, then a diode v2 connected across the 
condenser as shown ensures that the rise of potential at A always starts from earth level. For although 
during the conduction period of Vz the heavy grid current may carry A below earth, the diode yg returns A to 
earth as soon as the pulse has finished, ° 


It 1s now necessary to stabilise the potential & at the cathode of Vye In the circuit of fige2g, unless 
the current through the bleeder Rg» Ro is large ccmpared with the valve current,.the bias — on the cathode 
will vary if the valve current varies. For cxample, suppose that v1 conducts for 3 microseconds in a 
period of 100 microseconds and that it takes 100 ms wheh it conducts, Then the man current is 3m. 
variations in pulse width or in the peak current will affect this mean current od cause a corresponding 
charge In Ee If the permissible variation of E is 1 volt and the possible variation of valve current is 
1 Ms, then R2 Must not exceed 1000 ohms. In order to bias the cathode to 6 volts above earth it would 
therefore be necessary to pass & MA. of current through this resistance and such large bleeder currents 
cannot be provided by a normal H.T.supplye A ‘cathode follower! or tregulating valvet V3 is therefore 
introdwed as in figezch and serves to stabilise the bias on Vae Since the ouput impedance of the cathode 
follower is only about 200 ohms, a variation of 1 mA. in the current taken by V1 will cause only about 062 
volt change In blase 


In the circuit of figezh the recurrcnee frequency is practically independent of valve characteristics. 
For the potential & on the cathode of yy, is determined by the voltage on the grid of vgs that is by the 
potentiometer R4 y RS» The time required for c to charge up to this voltage is determined by C, the grid 
leak Ry and the voltage V determined by Py; 4nd Rge These components alcne determine the recurrence 
frequency and can be made of high quality materials. Wire wound resistor end silvered mica condensers are 
suitable, 


APPENDIX II 
Delay Network 


A delay network may *> regarded as om artiffefal length of transmission line. An electromagnetic wave is 
propagated down a trer.omission line with a definite velocity Vv, almost exactly equal to the velocity of light. 
Suppose that at tice t = 0, a positive voltage is suddenly applied to the end of an infinite line as in fig,3a. 
This rise of voltage travels down the line and reaches a point at distance x fromthe end at time t = x/Ve 
Tf the line is of Infinite leneth the proeass will eentinne indefinitely, 
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If at any point P along the infinite line a measurement was made of the instantaneous current and voltage 
as in fig. 3b, it would be possible to calculate the ratio E/i = 2. This ratio represents the effective 
impedance of the piece of line to the right of P. Suppose now that the line was cut at P and the left-had 
portion terminated by an impedance equal to Ze Then the current and voltage at P would be related tn just 
the same way as if the transmission line continued past P and so the waveforms to the left of P are 
unaffected. Z is called the characteristic impedance of the transmission line, and a piece of line 
terminated by an impedance Z behaves as though it was of infinite lengthe 2Z is purely resistive. 


The behaviour of a transmission line is due to the fact that the wires possess distributed dnductance and 
capacity. If L is the inductance per unit length and Cc the capacity per unit length the impedance is 
given by Z =/L/C which has the dimensions of a pure resistance. 


An artificial line may be produced as in figedc by means of lumped inductances and capacities. If we - 
consider first an infinite chain then the behavicur is similar to that of am infinite line, that is, it 
transmits applied waveforms with a definite velocity. The velocity must now be expressed in telements per 
second! instead of !meters per secondt in accordance with the fact that one element represents a short piece 
of line, The impedance R ts still given by R =/L/C obtained by substituting tinductance per elementt and 
tcapacity per element? for inductance per unit length and !fcapacity per unit lengtht in the previous formula, 


Suppose that it is required to delay a pulse. The pulse may be fed in to one end of a delay network which 
is terminated at the other end by its characteristic impedance, The waveform travels through the elements 
and after a definite time arrives at the other end where its energy is completely absorbed by the terminating 
{impedance which simulates a continuation of the network, <A delayed but undistorted pulse is therefore 
produced at this point. The delay, of course depencs on the number of elements in the network and on the 
delay produced by each element, 


Consider a typical section element. The succeeding elements may be replaced by the characteristic impedance 
R of the network as in fig.3f. It is clear that this element will attenuate high frequency components of the 
applied waveform because C prevents a small impedance at these frequencies. The impedance of L and C becomes 
equal at a frequency given by 27 fp =1 C and at higher frequencies the impedance of c is small compared 
with that of L, sO that the element attenuates the applied waveform, The periodic time tg corresponding to a 
fre quency fy is t¢ = l/fo ea C and gnis 49 thé time requiredfor the current through L to appreciably affect 
the charge on Ce Thus if the waveform applied to the network rises instantaneously as in figedg, the output 
waveform will require about tg seconds in which to rise because this is the time required to change the chargee 
on the condenser in the network, The values of inductance and capacity in a delay network must be chosen so 
as to permit the required rate of rise of the outcoming pulse. 


The delay of the element may also be estimated. The back E.M.F. induced in the inductance opposes any 
sudden rate of change of current and therefore any sudden change of voltage across Re The time required for 
a major change in the current through L as a result of a change in the voltage applied at A is L/R seconds. 
Thus if the potential at A rises suddenly we expect a delay of about U/R seconds before the rise of potential 
at C ig complete. it can be shown that the element produces a delay of exactly L/R seconds. 


Collecting the previcus results:™ 





Network impedance R =/L/c 
Delay per element = L/R__gecs = /c secs 
Time of rise of output pulse \= an / 1c = to SCCSe 


A delay network consists of an ageresate of elements such as those of figeSfe In practice these are more 
conv@iently wound as in fige3j, the two end inductances being L/2. 


Reflections 


Suppose that a delay network is short circuited at one end B as in fige3 1, and that the potential at the 
other end A is suddenly raised to V volts above earth. The rise of potential is propagated along the network 
in the usual way and if there are n elements reaches B after nT seconds, T being the Jelay produced by each 
element, Since the network is short circuited at B no potential difference can exist at this point. When 
the positive going wavefront reaches B it is immediately reflected and inverted and the reflected wavefront 
starts to travel along the network towards A. The reflected wave is negative going and of the same amplitude 
as the incident; the two waveforms therefore cancel out at B as is required. The negative going waveform 
leaves B at time nT and arrives at A after a further nT seconds, just 2T seconds after the rise of potential 
at Be The waveform at A is thus a positive square wave of V volts amplitude and 2nT secoms duration, The 
potential at B is always zero ond at Intermediate points the applied and reflected waveforms combine to produce 
a positive square wave of width less than mT soconJs, it has been assumed that the returning wavefront 
suffers no further reflections at Aj; this is the case if the network is terminated at A by its charactcristic 


impedance. 


The reflection of a waveform by a short circuited network or piece of transmission line is similar to the 
reflection of a ray of light at the surface of a mirror. If P (figs3m) is a source of light in front of a 
mirror then a ray such as PR is reflectcd at R and continues along RS. The ray PN which meets the mirror at 
right-angles is reflected back alcngNPe All the reflected rays appear to aiverge from a point Q behind the 
mirror, P and Q are at equal distances from the reflector and Q is called the image of Pe Thus an observer 
in front of the mirror sees what appears to be a second source of light at Q, the light reflected fromthe 
mirror seeming to be radiated from the Imaginary source. 
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The method of images may also be used to determine the behaviour of a short eircuited line. Imagine 
the line continued past B to ¢ and that the sections AB and BC both contain the same number of elements. 
If at the instant t =o the potential at 4 is sudd@ly raised to V volts above earth and that at C lowered 
to V volts below earth, then a positive going wavefront will travel from 4 towards C and a negative going 
wavefront from C towards Ae These two waveforms both arrive at B at the same instant nT seconds after the 
start of the wave motion and cancel out. At points in 4B the negative going wavefront propagated from c 
behaves in just the same way as that reflected from B in the circuit of fig.3 1 so that the waveforms at points 
in AB are just the same as in the previous case of a short circuited network. 


It is seen that a short circuited delay network can be used to produce a pulse of width determined by the 
constats of the network, A practical circuit is shown in fige3 0. The network is placed In the anode of 
a valve and a.wide negative square wave is applied to the grid. The frcnt edge PQ of the grid waveform 
causes a rise AB of anode potential; this is propagated down the network and the reflected wavefront brings 
the anode potential down along CDe The width of the pulse ABCD is nT, the time taken for a wavefront to 
cross the network twice. The back edge RS of the grid waveform causes a fall EF in anode potmtial and 2ntT 
seconds later the reflected wavefront returns the anode to its normal level at He It is seen that the front 
edge of the positive pulse ABCD coincides with the fromt edge of the grid waveform but that the width of the 
pulse depends solely on the constants of the network. 
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